Activation of M1 muscarinic acetylcholine receptors stimulates the formation of a multiprotein complex centered on TRPC6 channels.
In this study we showed that stimulation of M1 muscarinic acetylcholine receptors (mAChRs) activates endogenous transient receptor potential-canonical, subtype 6 (TRPC6), channels in neuronal PC12D cells. Activation of TRPC6 channels is correlated with the formation of a multiprotein complex containing M1 mAChRs, TRPC6 channels, and protein kinase C (PKC). Formation of the M1 mAChR-TRPC6-PKC complex is transient, with highest levels reached approximately 2 min after stimulation of M1 mAChRs. PKC in the complex phosphorylates TRPC6 on a conserved serine residue in the carboxyl-terminal domain (Ser768 in the TRPC6A isoform and Ser714 in the TRPC6B isoform). The immunophilin FKBP12, the phosphatase calcineurin, and Ca2+-binding protein calmodulin are also recruited to the M1 mAChR-TRPC6-PKC complex following activation of M1 mAChRs and remain stably associated with the TRPC6 channels after M1 mAChRs and PKC have disassociated. Binding of FKBP12, calcineurin, and calmodulin to TRPC6 channels is blocked by the following: 1) inhibition of PKC; 2) mutation of the PKC phosphorylation site (Ser(7168/714)) in the channels; or 3) pretreatment with FK506 or rapamycin, immunosuppressants that directly bind FKBP12. Inhibition of FKBP12 binding blocks the dephosphorylation of TRPC6 channels and the disassociation of M1 mAChRs, without affecting disassociation of PKC. The calcineurin inhibitor cyclosporin A also blocks the dephosphorylation of TRPC6 and prevents the disassociation of M1 mAChRs. Together, these results show that activated TRPC6 channels form the center of a dynamic multiprotein complex that includes PKC and calcineurin, which respectively phosphorylate and dephosphorylate the channels. Phosphorylation of the TRPC6 channels by PKC is required for the binding of FKBP12, which in turn is required for the binding of calcineurin and calmodulin. Subsequent dephosphorylation of the channels by calcineurin is required for the disassociation of M1 mAChRs.